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(57) ABSTRACT

There is provided a composition or kit of parts comprising:
one or more compounds capable of treating and/or preventing
an inflammatory disease of the gastrointestinal tract: and an
iron hydroxypyrone, for increasing the level of iron in a
patient’s bloodstream and/or treating and/or preventing
anaemia such as iron deficiency anaemia. A composition
comprising iron hydroxypyrone is also provided for admin-
istration to a subject: having or at risk of having achlorhydria;
wherein the gastric pH ofthe subject is equal to or greater than
about 4; or wherein the subject has an inflammatory disease of
the gastrointestinal tract.
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MONO (IRON HYDROXYPYRONE) AND
COMBINATION (IRON HYDROXYPYRONE
AND GI INFLAMMATION INHIBITING
AGENTS) COMPOSITIONS FOR ANAEMIA
OR H. PYLORI INFECTIONS

This invention relates to therapeutic compositions which
comprise iron ions and to their medical applications.

An adequate supply of iron to the body is an essential
requirement for tissue growth and the maintenance of good
health in both man and animals. Moreover, in certain patho-
logical conditions where there is an insidious blood loss, or
where there is a mal-distribution of iron in the body, there may
be a state of low iron stores in the body and a concomitant
chronic anaemia. This is seen in inflammatory diseases of the
gastrointestinal tract, such as gastric and peptic ulcers, reflux
oesophagitis, ulcerative colitis and Crohn’s disease.

Anaemia can also follow operations which result in serious
blood loss and can be associated with gastrointestinal infec-
tions, such as those caused by Helicobacter pylori.

Achlorhydria (and hypochlorhydria) refer to states where
the production of gastric acid in the stomach is absent or low,
respectively. Achlorhydria can be due to many diverse causes
including: pernicious anaemia, an autoimmune gastritis,
other autoimmune conditions, such as autoimmune thyroid
disease, any cause of severe chronic gastritis (H. pylori is the
most common agent that may lead to the destruction of pari-
etal cells (the cells that make hydrochloric acid) in the stom-
ach, resulting in achlorhydria), mucolipidosis type IV (an
autosomal recessive lysosomal storage disease), the use of
antacids or drugs that decrease gastric acid production or
transport, or atrophic gastritis.

The listing or discussion of an apparently prior-published
document in this specification should not necessarily be taken
as an acknowledgement that the document is part of the state
of the art or is common general knowledge.

WO 96/41627 describes ferric iron complexes of hydroxy-
pyrones, which comprise a carboxylic acid such as citric acid.
The compositions are useful for the treatment of iron defi-
ciency anaemia.

The use of certain metal ion complexes for treating gas-
trointestinal infection with Helicobacter pyloriis disclosed in
WO 98/16218. The complexes include complexes of iron in
the ferric state. The patients were not, however, treated with
acid reducing regimens.

WO 01/89534 describes the use of cobalt salts to selec-
tively treat gastrointestinal infections caused by H. pylori.

WO 02/24196 discloses compositions in solid form, such
as powders, comprising a mixture of a ferrous salt and a
hydroxypyrone which may be used to increase the level of
iron in a patient’s bloodstream or to treat and/or prevent
gastrointestinal infection.

WO 2005/048912 describes methods and compositions for
the treatment of helicobacter pylori-associated disorders
using endoperoxide bridge-containing compounds.

WO 03/097627 discloses a method of forming an iron
hydroxypyrone.

US 2007/0161600 describes the treatment of iron related
conditions with iron-carbohydrate complexes.

It is known that the absorption of iron is aided by the acid
secretion of the stomach and that absorption is more readily
affected when iron is in the ferrous state. It is also known that
antacids may impair the absorption of iron by the formation of
insoluble complexes (Martindale, page 1347, 32nd Edition,
1999). Research suggests that taking acid-reducing drugs can
cause iron deficiency due to reduced absorption (Aymard et
al, Med. Toxicol. Adverse Drug Exp. 1988, vol. 3, pp 430-
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448). Hence, a person skilled in the art would not have
expected iron to be available for absorption in the stomach in
the presence of acid reducing agents (www.numarkpharma-
cists.com/hn/Drug/Famotidine.html).

There are many medical conditions where the gastric envi-
ronment is unfavourable for iron absorption yet iron absorp-
tion is required in order to address anaemia. For example,
where gastritis and a high pH (such as above 6.5) prevails the
absorption of iron may be too low to effectively treat anaemia.
Furthermore, the treatment regimen for conditions, such as
Helicobacter infection, typically involves the use of acid
reducing agents. The present invention can be considered, at
least in part, to relate to the unexpected finding that acid-
reducing regimen, such as are required for the treatment of,
for example, ulcers, gastritis and acid reflux, can be compat-
ible with certain iron hydroxypyrones and that the iron may
be absorbed effectively from the iron hydroxypyrones despite
the use of an acid-reducing regimen.

The present invention aims to alleviate some of the prob-
lems of existing anaemia treatments.

According to the invention in a first aspect there is provided
a composition comprising: one or more compounds capable
of treating and/or preventing an inflammatory disease of the
gastrointestinal tract; and an iron hydroxypyrone, for increas-
ing the level of iron in a patient’s bloodstream.

In another aspect there is provided a composition compris-
ing: one or more compounds capable of treating and/or pre-
venting an inflammatory disease of the gastrointestinal tract;
and an iron hydroxypyrone, for preventing and/or treating
anaemia such as iron-deficiency anaemia.

In a further aspect there is provided a composition or kit of
parts for increasing the level ofiron in a patient’s bloodstream
comprising: one or more compounds capable of treating and/
or preventing an inflammatory disease of the gastrointestinal
tract; and an iron hydroxypyrone, preferably wherein the iron
hydroxypyrone comprises iron in the ferrous state.

In a still further aspect there is provided a composition or
kit of parts for increasing the level of iron in a patient’s
bloodstream comprising one or more compounds capable of
treating and/or preventing an inflammatory disease of the
gastrointestinal tract and an iron hydroxypyrone preferably
with the proviso that when iron is in the ferric state, the
compound is not a cobalt salt. Preferably, the composition
does not comprise an antibiotic.

Inanother aspect, there is provided a composition compris-
ing an iron hydroxypyrone, for administration to a subject
having, or at risk of having, achlorhydria.

In one aspect of the invention there is provided a compo-
sition comprising an iron hydroxypyrone, for administration
to a subject, wherein the gastric pH of the subject is equal to
or greater than about 4, such as greater than 5 or 6, for
example about 6.5 or above.

In another aspect of the invention, there is provided a
composition comprising an iron hydroxypyrone for adminis-
tration to a subject, wherein the subject has, or is suffering
from, an inflammatory disease of the gastrointestinal tract and
preferably the gastric pH of the subject is equal to or greater
than about 4, such as greater than 5 or 6, for example about 6.5
or above.

In one embodiment of the invention, the inflammatory
disease of the gastrointestinal tract requires a stomach acid
reducing treatment regimen as defined herein. However, the
inflammatory disease may, in one embodiment, not require an
acid reducing treatment regimen as defined herein.

The iron hydroxypyrone, the inflammatory disease and the
gastric pH, and combinations thereof, in any of the above
aspects is preferably as defined herein.
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In one embodiment of the invention, the iron hydroxypy-
rone is administered alone, such as in the absence of other
pharmaceutically active compounds, for example in the
absence of one or more compounds capable of treating and/or
preventing an inflammatory disease of the gastrointestinal
tract.

In one embodiment of the invention, the composition and/
oriron hydroxypyrone is for the absorption of iron, preferably
following oral administration, for example into the blood
and/or body of a subject.

Examples of an inflammatory disease of the gastrointesti-
nal tract which preferably requires a stomach acid reducing
treatment regimen include gastric or peptic ulcers, reflux,
oesophagitis, ulcerative colitis, Crohn’s disease, gastritis,
Zollinger-Ellison syndrome or acid reflux.

In all aspects or embodiments of the invention, the one or
more compounds capable of treating and/or preventing an
inflammatory disease of the gastrointestinal tract which pref-
erably requires a stomach acid reducing treatment regimen
preferably comprise an acid reducing regimen. Acid reducing
regimens are well known to a person skilled in the art. For
example, the acid reducing regimen may comprise one or
more compounds capable of treating and/or preventing
inflammatory diseases of the gastrointestinal tract, such as,
for example, gastric or peptic ulcers, reflux oesophagitis,
ulcerative colitis, Crohn’s disease, gastritis, Zollinger-Ellison
syndrome or acid reflux.

In all aspects and embodiments of the invention, the peptic
ulcer is preferably a gastric ulcer and the anaemia is prefer-
ably iron-deficiency anaemia. The anaemia is preferably
associated with an inflammatory disease of the gastrointesti-
nal tract as defined herein.

In one embodiment of the invention, the anaemia is caused
by blood loss following an operation and/or is associated with
a gastrointestinal infection, such as those caused by Helico-
bacter pylori.

The composition and/or kit of parts according to the inven-
tion is preferably for administration to a human.

The term “subject” as used herein preferably refers to a
mammal, such as ahuman. The term “mammal” also includes
veterinary animals such as for example, horses, cows, sheep
and pigs, as well as pets such as, for example, dogs, cats and
hamsters.

In one embodiment of the invention, the subject has been,
will be, or is being administered an acid reducing regimen or
one or more compounds capable of treating and/or preventing
an inflammatory disease of the gastrointestinal tract, as
defined herein.

In one embodiment of the invention, the one or more com-
pounds capable of treating and/or preventing an inflammatory
disease of the gastrointestinal tract comprise an acid reducing
regimen. Surprisingly, it has been found that an iron hydroxy-
pyrone according to the invention can be administered to
patients in combination with acid reducing therapies for treat-
ing gastrointestinal conditions in which there is produced
excess stomach acid. The iron hydroxypyrone can also be
administered to patients generally having a high gastric pH,
such as equal to or greater than about 4, such as greater than
5 or 6, for example about 6.5 or above, for example, from
greater than 4 to 8, 4.5t0 7, 510 6.5 or 5.5 to 6.0, and be
absorbed effectively. The high gastric pH may be, for
example, as a result of achlorhydria, administration of an acid
reducing regimen, such as defined herein, or an inflammatory
disease of the gastrointestinal tract as defined herein, as well
as combinations thereof. The administration of the iron
hydroxypyrone may be for the absorption of iron, for
example, following oral administration and/or may be used to
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maintain levels of iron in the body of a subject i.e. to provide
or maintain normal, healthy or nutritional levels of iron.

According to the present invention, the iron hydroxypy-
rone may be administered at the same time, before or after the
one or more compounds capable of treating and/or preventing
an inflammatory disease of the gastrointestinal tract, or the
acid reducing regimen. In one embodiment, the iron hydroxy-
pyrone is administered at the same time or subsequent to the
one or more compounds or the acid reducing regimen. For
example, the iron hydroxypyrone may be administered from
1 minute to 2 hours after the compound, more preferably from
10 minutes to 1 hour after the compound, most preferably
about 30 minutes after the administration of the compound.

In one embodiment of the invention, the composition, as
defined in any of the aspects or embodiments herein, is for
administration to a human or animal having or suffering from
an inflammatory disease of the gastrointestinal tract which
preferably requires a stomach acid reducing treatment regi-
men. For example, the human or animal may be suffering
from a gastric or peptic ulcer, reflux oesophagitis, ulcerative
colitis, Crohn’s disease, gastritis, Zollinger-Ellison syn-
drome, acid reflux and/or a peptic ulcer and is in need of
treatment therefor.

In a preferred embodiment of the invention, as defined
herein, the composition is for administration to a human or
animal having a gastrointestinal infection.

Although the gastrointestinal infection may be any infec-
tion, the gastrointestinal infection is preferably caused by
Helicobacter pylori.

Suitable molar ratios of the one or more compounds, or
acid reducing regimen, to the iron hydroxypyrone are from
100:1 to 1:100, preferably from 50:1 to 1:50, more preferably
from 10:1 to 1:10, such as from 5:1 to 1:5, for example 2:1 to
1:2. Preferably the ratio of one or more compounds to iron
hydroxypyrone is from 10:1 to 1:10 by weight.

The acid reducing regimen may be administered in accor-
dance with the normal dosage ranges for human patients for
therapeutic or preventative treatment. in one embodiment of
the invention, the composition may be adapted for mainte-
nance therapy, or the prevention of an inflammatory disease
of the gastrointestinal tract, wherein the disease state is as
defined in any of the embodiments herein. Thus, the compo-
sition may comprise lower doses of the compound and iron
hydroxypyrone than are used for the initial treatment of an
established disease.

In one embodiment of the invention, the composition com-
prises a maintenance dose of one or more compounds capable
of treating and/or preventing an inflammatory disease of the
gastrointestinal tract, or the acid reducing regimen and a
nutritional dose of iron hydroxypyrone, as iron. For example,
the daily dose of the compound may be less than 400 mg, for
example, less than 300 mg, 200 mg or 100 mg. Typical daily
maintenance doses of the compound (such as omeprazole,
pantoprazole or ranitidine) may be from 5 to 140 mg daily,
such as from 10 to 100 mg, preferably 20 to 50 mg, as one or
more administrations.

Examples of suitable nutritional doses, preferably daily, of
the iron hydroxypyrone include less than 40 or 60 mg as iron,
such as from 5 to 20 mg, as iron, for example about 15 mg (as
iron). The dosages may be administered for 1 to 4 weeks
typically.

In a further embodiment ofthe invention, as defined herein,
the one or more compounds capable of treating and/or pre-
venting an inflammatory disease of the gastrointestinal tract
comprise one or more acid reducing agents. The acid reduc-
ing agent may reduce the acid level directly i.e., by neutrali-
sation of the acid, or indirectly, i.e., by inhibiting receptors
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which cause the secretion of excess acid or by treating the
underlying disease state, for example.

Compositions for treating gastrointestinal conditions con-
taining a metal salt, an antibiotic and a proton pump inhibitor,
in so-called “triple therapy” methods are known. Antibiotics
and proton pump inhibitors are suitable for use in the com-
positions of the present invention, as defined herein. Suitable
antibiotics include, for example, amoxycillin, metronidazole,
clarithromycin and mixtures thereof. Suitable proton pump
inhibitors include lansoprazole, omeprazole, pantoprazole
and rabeprazole for example. H, receptor antagonists, such as
ranitidine, famotidine, nizatidine, cimetidine, for example,
may also be used in the present invention. Omeprazole may
be in the form of omeprazole magnesium or sodium. Raniti-
dine may be in the form of ranitidine bismuth citrate or
ranitidine hydrochloride.

In any aspect or embodiment of the invention, the one or
more compounds capable of treating and/or preventing an
inflammatory disease of the gastrointestinal tract, or acid
reducing agent, may be selected from a proton pump inhibi-
tor, an H, receptor antagonist, or a substance capable of
neutralising acids, such as, for example, an alkaline agent, or
a combination thereof, as defined herein or a cobalt com-
pound as defined herein. The term “substances capable of
neutralising acids” is intended to include pharmaceutically
acceptable bases. Suitable examples of bases include hydro-
gen carbonates (bicarbonates), hydroxides, oxides, or car-
bonates, which are commonly used in the treatment of acid
reflux. Preferably, the bicarbonates, hydroxides, oxides or
carbonates are in combination with a pharmaceutically
acceptable cation, such as an alkali metal, for example,
sodium or potassium, or alkaline earth metal, for example,
magnesium, calcium or a transition metal, such as, for
example, cobalt or a metal such as aluminium.

In one embodiment of the invention, as defined herein, the
acid reducing agent is selected from: omeprazole, lansopra-
zole, pantoprazole, ranitidine, famotidine, nizatidine, cimeti-
dine, sodium bicarbonate, potassium bicarbonate, calcium
carbonate, aluminium hydroxide, magnesium carbonate,
cobalt carbonate or a combination thereof.

In any aspects or embodiments of the invention, the com-
position may further comprise an antibiotic such as, for
example, amoxycillin, metronidazole, clarithromycin and
mixtures thereof.

In the embodiments or aspects of the invention, the one or
more compounds capable of treating and/or preventing an
inflammatory disease of the gastrointestinal tract preferably
comprises or consists of a cobalt compound.

The cobalt compound may comprise a cobalt salt. Suitable
examples of cobalt salts are defined in WO 01/89534, the
teachings of which are incorporated herein by reference. The
cobalt salt is preferably a cobalt (II) salt, since it is well-
known that cobalt (II) salts are readily available unlike cobalt
(IIT) salts, and because there is concern over the long term
safety of cobalt (III) salts.

The cobalt salt must be capable of providing cobalt ions (in
hydrated form) at the site of a gastrointestinal infection. It is
preferred that the cobalt salt, such as cobalt (II), comprises an
anion which does not complex too strongly with the cobalt
ion. Preferably the anion is the anion of a strong acid (ie,
having a pKa of less than about 3, 4, 5, or 6, for example less
than 2) and/or is monovalent.

Suitable anions include chloride, gluconate, nitrate, sul-
phate, phosphate, carbonate, hydroxide, acetate and mixtures
thereof (including salts containing two or more anions). Of
these, chloride, carbonate, gluconate, hydroxide and acetate
are more preferred.
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The cobalt salts preferably contain cobalt ions in uncom-
plexed form (ie, such that Co(H,0)4>* ions are formed when
the salt is in aqueous solution, for example) or in the form of
complexes in which the cobalt ion is relatively weakly bound
such that the complex at least partly dissociates to provide
cobalt ions in a form suitable for uptake into H. pylori at the
site of infection, for example.

Alternatively, the cobalt compound may comprise a cobalt
complex. Suitable examples of ligands to form cobalt com-
plexes are defined in WO 98/16218, the teachings of which
are incorporated herein by reference. Preferred cobalt com-
plexes include, for example, cobalt, preferably in the (II) or
(I1I) state, complexed with ascorbate, aspartate, citrate, glu-
conate, histidine, malate, maltol, glutamate, glutamine, suc-
cinate, gluconate, or tartrate or combinations thereof.

In one embodiment of the invention, as defined herein, the
cobalt compound comprises cobalt (II) gluconate or cobalt
(II) chloride, preferably in their hydrated forms (i.e., the
dihydrate for cobalt (II) gluconate or the hexahydrate for
cobalt (IT) chloride), or a combination thereof.

In one embodiment of the invention, the amount of cobalt
compound is selected such that it is selective for the treatment
of gastrointestinal infections caused by Helicobacter pylori
i.e., it is present in an amount lower than the MIC for other
microorganisms, particularly beneficial bacteria, in the intes-
tinal tract.

The daily amount of cobalt compound, such as cobalt (II)
gluconate or cobalt (II) chloride, is preferably less than 200
mg (as cobalt), such as less than 100 mg (as cobalt), for
example from 2 to 50 mg, such as from 5 to 20 mg (as cobalt).

In one embodiment, the amount of compound (for example
cobalt), such as a cobalt salt, which is required for the treat-
ment of gastrointestinal conditions according to the invention
varies from 1 to 50 mg of compound per day, more preferably
1to 30 mg per day, such as 5 mg or 20 mg per day (preferably
as cobalt), for example. A suitable dosage form comprises 10
mg of compound (preferably as cobalt) and such a dosage will
typically be administered twice daily for several weeks (eg 1
to 4 weeks) in order to treat the infection. It will be appreci-
ated by those skilled in the art that other dosage regimens may
be equally applicable in the method of the invention. The
cobalt compound may be in a slow release form as described
in WO 01/89534, for example.

The term “iron hydroxypyrone” as used herein is intended
to include compositions which comprise a hydroxypyrone
and iron. The term includes, for example, complexes of iron
with a hydroxypyrone, such as, for example, ferric trimaltol,
as well as mixtures comprising an iron compound, such as a
salt or a complex of iron, and a hydroxypyrone in a substan-
tially non-complexed form (such as less than 10%, 5%, 2%, or
1% hydroxypyrone complexed), for example ferrous or ferric
gluconate and maltol, preferably in the solid state.

The iron hydroxypyrone may suitably comprise iron in the
ferrous (Fe**) or ferric (Fe*) oxidation states. Alternatively,
the iron hydroxypyrone may comprise a mixture ofiron in the
ferrous and ferric oxidation states.

In one embodiment of the invention, the iron hydroxypy-
rone comprises iron in the ferric state. In an alternative
embodiment, the iron hydroxypyrone comprises iron in the
ferrous state, particularly where the iron hydroxypyrone is in
the form of a solid, such as a powder or tablet.

The hydroxypyrone is preferably a 3-hydroxy-4-pyrone.
Suitable pyrones include 3-hydroxy-4-pyrone itself or a 3-hy-
droxy-4-pyrone in which one or more of the hydrogen atoms
attached to ring carbon atoms are replaced by an aliphatic
hydrocarbon group of 1 to 6 carbon atoms, or a 5-hydroxy-
pyrone, such as Kojic acid. The most preferred pyrones are
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maltol (3-hydroxy-2-methyl-4-pyrone) and ethylmaltol. The
hydroxypyrone may, alternatively, be a natural product (such
as meconic acid or iso-maltol) which may be converted to
another hydroxypyrone in vivo.

Certain hydroxypyrones, such as maltol, are available
commercially. With others, a convenient starting material in
many instances consists of 3-hydroxy-4-pyrone which is
readily obtainable by the decarboxylation of 2,6-dicarboxy-
3-hydroxy-4-pyrone (meconic acid). For example, 3-hy-
droxy-4-pyrone may be reacted with an aldehyde to insert a
1-hydroxyalkyl group at the 2-position, which group may
then be reduced to produce a 2-alkyl-3-hydroxy-4-pyrone.
The preparation of 2-ethyl-3-hydroxy-4-pyrone, etc, by this
route is described in the published U.S. application Ser. No.
310,141 (series of 1960). Other preparation methods are
described by Spielman, Freifelder, J. Am. Chem. Soc. Vol 69
Page 2908 (1947).

Itwill be appreciated by a person skilled in the art that these
are not the only routes available to these compounds and their
iron complexes and that various alternatives may be used.

In one embodiment of the invention, the iron hydroxypy-
rone is a ferric complex with hydroxypyrone. It is preferred
that the ferric complex is a 1:3 molar complex of iron to the
hydroxypyrone.

Preferably, the iron hydroxypyrone is a ferric maltol, a
ferric ethylmaltol or mixtures thereof. It is particularly pre-
ferred that the ferric maltol is ferric trimaltol. The ferric
trimaltol may be prepared according to any method known in
the art. Preferably, the ferric trimaltol is prepared as set out in
WO 03/097627, the teachings of which are incorporated
herein by reference.

In another embodiment of the invention, the iron hydroxy-
pyrone is in the form of a solid, a liquid or a suspension in a
liquid and comprises a mixture of a ferrous or a ferric salt and
ahydroxpyrone as defined herein. The solid mixture may also
be dry (i.e, substantially free of liquid such as water i.e., the
mixture comprises less than 10 wt. %, S wt. % or 2 wt. %, such
asless than 1 wt. % liquid). Solid mixtures of ferrous salts and
hydroxypyrones are stable on storage for a moderate period of
time under substantially dry conditions. However, on disso-
Iution in water, the compositions undergo a reaction in which
some or all of the ferrous iron is oxidised to ferric iron.

The ferrous or ferric salt can be an iron (II) or iron (III) salt
with any pharmaceutically acceptable anion. Preferably, the
iron (II) salt is iron (II) carbonate or an iron (II) carboxylate.

The ferrous or ferric salt is preferably an iron (II) or iron
(IIT) carboxylate. The iron (II) carboxylate may be selected
from, for example, iron (II) gluconate, iron (II) succinate or
iron (II) fumarate and mixtures thereof. The iron (III) car-
boxylate is preferably selected from ferric citrate, ferric
ammonium citrate or ferric tartrate and mixtures thereof.

In any aspect or embodiment of the invention, the com-
pound (or acid reducing regimen) preferably comprises a
cobalt compound, such as, for example, cobalt (II) gluconate
or cobalt (II) chloride, preferably in a daily dosage of, for
example, less than 100 mg (as cobalt), and the iron hydroxy-
pyrone comprises, in a solid form, a mixture of a ferrous or
ferric salt of a carboxylic acid and a hydroxypyrone, such as
maltol or ethylmaltol, preferably in a daily dosage in terms of
iron content of, for example, 15 to 50 mg (as iron). In any
embodiment of the invention, the daily dosage of the com-
pound is preferably a maintenance dosage and the daily dos-
age of the iron hydroxypyrone is preferably nutritional (i.e., it
can maintain the levels of iron stored in the body by, for
example, replacing any iron “leakage”).

The composition or kit of parts for increasing the level of
iron in a patient’s bloodstream and/or treating and/or prevent-
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ing anaemia according to the invention may comprise any of
the compounds or iron hydroxypyrones set out above, or
combinations thereof.

In particular, the kit of parts may comprise the one or more
compounds capable of treating and/or preventing an inflam-
matory disease of the gastrointestinal tract, or acid reducing
agent, such as one or more compounds capable of treating
gastritis, acid reflux and/or a peptic ulcer, and an iron
hydroxypyrone, wherein the compounds and the iron
hydroxypyrone are packaged separately and optionally
instructions are provided for the administration of the two
separate parts. This may be appropriate where there is other-
wise a storage incompatibility between the compound and
iron hydroxypyrone.

In one embodiment, the composition comprises a co-for-
mulation (for example, in the same solid or liquid) of the one
or more compounds capable of treating and/or preventing an
inflammatory disease of the gastrointestinal tract, or acid
reducing agent such as, for example, one or more compounds
capable of treating gastritis, acid reflux and/or a peptic ulcer,
as defined herein, and an iron hydroxypyrone, as defined
herein. This may be suitable where there is no storage incom-
patibility between the compound and the hydroxypyrone.

In a preferred composition or kit of parts of the invention,
the iron hydroxypyrone comprises a solid or dry (i.e., sub-
stantially free of liquid such as water i.e., the liquid comprises
less than 10 wt. %, 5 wt. % or 2 wt. %, such as less than 1 wt.
%) mixture of a ferrous carboxylate, such as gluconate, and
maltol or ethyl maltol and the one or more compounds
capable of treating and/or preventing an inflammatory disease
of the gastrointestinal tract or acid reducing agent comprises
a cobalt compound, such as cobalt gluconate (preferably
cobalt(Il) and hydrated). The molar ratio of ferrous salt to
maltol or ethylmaltol is preferably about 1:3.

In an alternative preferred composition or kit of parts of the
invention, the iron hydroxypyrone comprises ferric trimaltol
and the one or more compounds capable of treating and/or
preventing an inflammatory disease of the gastrointestinal
tract or acid reducing agent, such as one or more compounds
capable of treating gastritis, acid reflux and/or a peptic ulcer,
comprises potassium bicarbonate. The potassium bicarbon-
ate may be present in the solid or liquid state, such as an
aqueous solution.

Conveniently, the composition of the invention is in the
form of a powder (which term covers fine powders and granu-
lates) comprising a mixture of the powdered iron hydroxypy-
rone and the one or more compounds. The iron hydroxypy-
rone may be in crystalline form, in amorphous form or in
other solid forms but is preferably crystalline. The ferrous or
ferric salt may contain water of crystallisation i.e., it may be
in the form of a hydrate.

In a further aspect, the compositions of the invention are
used in medicine and, in another aspect, pharmaceutical com-
positions are provided which comprise the composition of the
invention together with a pharmaceutically acceptable diluent
or carrier.

A method of forming a composition according to the inven-
tion is also provided which comprises mixing the one or more
compounds capable of treating and/or preventing an inflam-
matory disease of the gastrointestinal tract, or acid reducing
agent, and an iron hydroxypyrone, all as defined herein. The
mixing may take place in the solid or liquid state. For
example, both components may be in the form of substan-
tially dry solid such as powders, or tablets, preferably having
a moisture or water content less than 10 wt. %, 5 wt. %, 2 wt.
% or 1wt. %.
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In the above aspects and embodiments of the invention, the
pharmaceutical composition or kit of parts of the invention
may be adapted for oral administration. Suitable forms for
oral administration include powders, tablets and capsules
(such as gelatin capsules) as well as solutions or suspensions
in aqueous or non-aqueous liquids, oil-in-water liquid emul-
sions, or water-in-oil liquid emulsions.

Suitable pharmaceutically acceptable diluents and carriers
include, for example, lubricants such as magnesium stearate,
stabilising and suspending agents such as methylcellulose
and povidone and other tableting agents and dose bulking
agents such as lactose and flow aids such as Aerosil 2000™.
Particularly useful diluents and carriers are wetting agents or
surfactants, preferably nonionic or ionic surfactants.
Examples of suitable nonionic surfactants include polyoxyl
10 oleyl ether and polysorbates. An example of a suitable
ionic surfactant is sodium lauryl sulphate.

Alternatively, the pharmaceutical composition may be pro-
vided as a liquid or a suspension in liquid form, as a powder
for reconstitution prior to oral or parental administration or it
may be formulated for use as a suppository. Liquids carriers
are preferably sterile and pyrogen-free: examples are saline
and water. Liquid formulations are particularly suitable for
oral and parenteral administration.

More than one iron hydroxypyrone or one or more com-
pounds capable of treating and/or preventing an inflammatory
disease of the gastrointestinal tract or acid reducing agent of
the invention may be contained in the pharmaceutical com-
position of the invention, and other active compounds may
also be included. Typical possible additives include, for
example, flavourings and colourings known to a person
skilled in the art, as well as those set out herein.

The pharmaceutical compositions of the invention may be
formulated in unit dosage form ie, in the form of discrete
portions containing a unit dose, or a multiple or sub-unit dose.
Preferably, the compositions of the invention are formulated
to give a rapid release of the iron for optimal absorption in the
body.

Whilst the dosage of the composition given in each par-
ticular case will depend upon various factors, including the
particular components of the composition, it may be stated by
way of guidance that maintenance at a satisfactory level of the
amount of iron present in the human (or animal) body will
often be achieved using a daily dosage, in terms of the iron
content of the compound, which lies in a range from about 1
to 150 mg, such as from 10 to 120 mg (preferably as iron).
However, it may be appropriate in certain cases to give daily
dosages either below or above these levels. Compositions
containing 15 to 50 mg iron, to be taken once daily, twice
daily or three times daily (depending on the severity of the
anaemia) are, for example, suitable for the treatment of
anaemia.

The compositions of the invention suitably contain from
0.1% to 20% by weight iron, such as 0.1% to 10% by weight,
for example, preferably 2 to 10% by weight.

In one embodiment of the invention, there is provided a
composition comprising: an iron hydroxypyrone; and option-
ally one or more compounds capable of treating and/or pre-
venting an inflammatory disease of the gastrointestinal tract
which preferably requires a stomach acid reducing treatment
regimen, for administration to a subject having, or at risk of
having, achlorhydria.

The composition is preferably for increasing the level of
iron in a patient’s bloodstream and/or for preventing and/or
treating anaemia such as iron deficiency anaemia as described
above.
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The achlorhydria may be a result of any of the causes set
out above or known to a person skilled in the art, such as, for
example, pernicious anaemia, an autoimmune gastritis, other
autoimmune conditions, such as autoimmune thyroid disease,
any cause of severe chronic gastritis (H. pylori is the most
common agent that may lead to the destruction of parietal
cells (the cells that make hydrochloric acid) in the stomach,
resulting in achlorhydria), mucolipidosis type IV (an autoso-
mal recessive lysosomal storage disease), the use of antacids
or drugs that decrease gastric acid production or transport, for
example one or more compounds capable of treating and/or
preventing an inflammatory disease of the gastrointestinal
tract which requires a stomach acid reducing treatment regi-
men as defined herein, or atrophic gastritis.

In one embodiment of the invention the achlorhydria is
associated with, or caused by, an inflammatory disease of the
gastrointestinal tract such as, for example, a gastric or peptic
ulcer, reflux oesophagitis, ulcerative colitis, Crohn’s disease,
gastritis, Zollinger-Ellison syndrome, acid reflux and/or a
peptic ulcer.

In another embodiment of the invention, the achlorhydria is
associated with, or caused by, atrophic gastritis or a gas-
trointestinal infection, such as caused by Helicobacter pylori.

The composition for administration to a subject having, or
atrisk of having, achlorhydria, may be as defined in any ofthe
aspects or embodiments herein, in particular, the compound
and the iron hydroxypyrone may be as defined in any of the
above embodiments.

In one embodiment of the invention, the subject may have
detectable antibodies against the H*/K* ATP-ase proton
pump and/or the gastric pH may remain high (such as greater
than 4.0, 5.0, 6.0 or 6.5), despite stimulus, such as maximum
pentagastrin stimulation and/or high gastrin levels may be
detected and/or a maximal acid output of less than 6.9
m/mole/h, such as less than 5.0 m/mole/h.

In any of the above aspects or embodiments of the inven-
tion, the pH of the environment where iron is absorbed, such
as the gastric environment or gastrointestinal tract, for
example, the gastric pH, is preferably equal to or greater than
about 4, such as greater than 5 or 6, for example about 6.5 or
above, for iron absorption, for example, from 4to0 8, 4.5t0 7,
510 6.50r5.510 6.0. Thus, the one or more compounds or acid
reducing regimen in any aspect or embodiment may also be
defined as adapted to increase, or capable of increasing, the
pH of the environment for iron absorption, such as the gastric
environment or gastrointestinal tract, for example, the gastric
pH, to greater than about 4, such as greater than 5 or 6, for
example about 6.5 or above (for example from for example,
from4108,4.5t07,5t0 6.50r 5.510 6.0, 5 to 8, preferably
6 to 7), for or before iron absorption.

The following non-limiting examples illustrate the inven-
tion and do not limit its scope in any way. In the examples and
throughout this specification, all percentages, parts and ratios
are by weight unless indicated otherwise.

EXAMPLES
Example 1

Patient 1

The patient had been taking Gaviscon™ which contains
potassium bicarbonate as an acid reducer to reduce acid
reflux. The patient had a gall bladder rupture requiring sur-
gery and became very anaemic due to blood loss. He contin-
ued to take Gaviscon™ but was also given ferrous sulphate
tablets for his anaemia. He had serious side effects of gastric
intolerance and severe headaches and the ferrous sulphate



US 9,248,148 B2

11

failed to correct his anaemia. He commenced treatment using
maltol and ferrous gluconate, whilst continuing Gaviscon™
and his anaemia was corrected (haemoglobin rose from 8.8 g
% to 11.8 g %) after a month. At a dose of 45 mg/day his iron
was well tolerated.

Example 2

Patient 2

On a long term basis this patient takes Losec™, omepra-
zole, a proton pump inhibitor of gastric acid secretion. He had
a hip replacement operation where a significant amount of
blood was lost causing iron deficiency anaemia. His anaemia
was not corrected (Hb>11.0g %) until a course of maltol and
ferrous gluconate at 15 mg daily was undertaken. He contin-
ues to use maltol and ferrous gluconate as a “boost” when
feeling tired as his haemoglobin levels are always on the low
side of normal.

Example 3
The following is an example of a pharmaceutical compo-

sition according to the invention, which is suitable for formu-
lation into gelatin capsules:

Component Amount (mg)
Ferrous gluconate 240
Maltol 200
Cobalt gluconate 100

Carrier (lactose) balance to fill capsule

Example 4

Method

Thirteen normal female volunteers were treated such that
their gastric pH was adjusted to >6.5 with 0.5M sodium
bicarbonate solution (acid reducing regimen). Using a
Heidelberg capsule the maltol iron formulation was given
orally and the % of the dose absorbed into the blood and the
whole body determined.

Results

Absorption of iron from the 10 mg dose of the maltol iron
formulation was 10.72%. For the 20 mg dose the maltol iron
formulation gave 8.00%.

This is a level of absorption that would be expected with
normal volunteers with a standard iron preparation, such as
ferrous sulphate, at normal gastric pH.

Conclusions of Studies

In the study involving 13 female subjects the maltol iron
formulation was given along with sodium bicarbonate (acid
reducing regimen) and the gastric pH was in excess of 6.5.
Surprisingly, there was no inhibition of absorption at this
higher pH. The presence of the maltol makes the formulation
suitable for special medical conditions with gastritis and
higher pH values associated with iron deficiency anaemia.
Discussion

The work shows that iron hydroxpyrones according to the
invention are well absorbed at a high pH (greater than 6.5).
Surprisingly, the iron hydroxypyrones can therefore deliver
iron in a high pH environment, for example the presence of an
acid reducing regimen such as used for the treatment of Heli-
cobacter infection. Thus, there is an unexpected advantage to
use an iron preparation containing a hydroxypyrone such as
maltol since a high pH, such as caused by the presence of the
acid reducing regimen does not alter the solubility or bio-

10

15

20

25

30

35

40

45

50

55

60

65

12

availability of the iron, which would have been expected.
Other work has shown that cobalt at low doses can have
beneficial activity in the treatment of Helicobacter infection.
In the light of these results a co-formulation of cobalt with
iron products containing maltol would be particularly useful
for treating the anaemia arising with the Helicobacter infec-
tion.

The invention claimed is:

1. A method for increasing the level of iron in a subject’s
bloodstream and/or for preventing and/or treating anaemia in
the subject, wherein the method consists of the steps of
administering a composition comprising an iron hydroxypy-
rone to the subject, and maintaining the gastric pH of the
subject greater that 4 during said method.

2. The method according to claim 1, wherein the compo-
sition is administered by oral administration or, wherein the
method is for the absorption of iron.

3. The method according to claim 1, wherein the anaemia is
iron deficiency anaemia.

4. The method according to claim 1, wherein the gastric pH
is greater than 5 or 6.

5. The method according to claim 4, wherein the gastric pH
is about 6.5 or above.

6. The method according to claim 1, wherein the iron
hydroxypyrone comprises a ferric complex with hydroxypy-
rone, or a mixture of a ferrous or ferric salt and a hydroxypy-
rone and wherein the hydroxypyrone comprises a 3-hydroxy-
4-pyrone or a 3-hydroxy-4-pyrone in which one or more of
the hydrogen atoms attached to the ring carbon atoms are
replaced by an aliphatic hydrocarbon group of 1 to 6 carbon
atoms.

7. The method according to claim 1, wherein the iron
hydroxypyrone comprises ferric trimaltol or an iron (II) or
iron (III) carboxylate and maltol.

8. The method according to claim 1, wherein the compo-
sition is administered to a human or animal.

9. A method for increasing the level of iron in a subject’s
bloodstream and/or for preventing and/or treating anaemia in
the subject, wherein the method consists of the step of admin-
istering a composition comprising an iron hydroxypyrone to
the subject having, or at risk of having, achlorhydria, and
wherein the iron hydroxypyrone is administered in the
absence of a gastrointestinal pH lowering agent.

10. The method according to claim 9, wherein the anaemia
is iron deficiency anaemia.

11. The method according to claim 9, wherein the achlo-
rhydria is associated with an inflammatory disease of the
gastrointestinal tract or wherein the achlorhydria is associ-
ated with atrophic gastritis or a gastrointestinal infection,
such as caused by Helicobacter pylori.

12. A method for increasing the level of iron in a subject’s
bloodstream and/or for preventing and/or treating anaemia in
the subject, wherein the method consists of the step of admin-
istering a composition comprising an iron hydroxypyrone to
a subject, and maintaining the gastric pH of the subject
greater than 4 during the method, wherein the subject has an
inflammatory disease of the gastrointestinal tract.

13. The method according to claim 12, wherein the
anaemia is iron deficiency anaemia.

14. The method of claim 12, wherein the gastric pH of the
subject is greater than 5 or 6.

15. The method according to claim 14, wherein the gastric
pH is about 6.5 or above.

16. The method according to claim 6, wherein the ferrous
salt is an iron (II) carboxylate.
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17. The method according to claim 6, wherein the iron (II)
carboxylate is selected from iron (II) gluconate, iron (II)
succinate and iron (II) fumarate.

18. The method according to claim 1, claim 9 or claim 12,
wherein the pH of the environment where iron is absorbed is
greater than 4.

19. A method for increasing the level of iron in a subject’s
bloodstream and/or preventing and/or treating anaemia in the
subject, wherein the method comprises the step of adminis-
tering a composition comprising ferric trimaltol to the sub-
ject, wherein the gastric pH of the subject is greater than 6 and
wherein iron is absorbed in the subject from the ferric trimal-
tol.

20. The method according to claim 1, claim 9 or claim 12,
wherein the iron hydroxypyrone is administered with a phar-
maceutically acceptable diluent or carrier.
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